








 Abstract- The design approach of a loop-dipole combined 
antenna for wearable applications is proposed. In order to 
mitigate the antenna’s performance deterioration caused by the 
human body, additional loops are incorporated with a wideband 
dipole. The loops can i) widen the impedance bandwidth by 
minimizing the reactance of the antenna, ii) increase the antenna’s 
directivity and iii) act as wearable accessories for easy mounting 
to the users’ bodies as well.  Then, the interaction between the 
antenna and the human body can be reduced. The antenna is 
simulated and measured for both free space and on-body cases. 
Operation bandwidth of 40% (20log|S11| < -10 dB) from 6 to 9 
GHz is obtained. The measured results show good agreement with 
the simulated ones. 
Index Terms-Loop-dipole combined antenna, wearable antenna. 
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,Q UHFHQW \HDUV ZLWK WKH UDSLG GHYHORSPHQW RI EURDGEDQG
ZLUHOHVV FRPPXQLFDWLRQV WKHUH KDV EHHQ D FRQVLGHUDEOH
LQFUHDVH RI LQWHUHVW LQ ZLUHOHVV ERG\ DUHD QHWZRUNV :%$1
DSSOLFDWLRQV >@ 0RVW UHVHDUFKHV KDYH EHHQ GLUHFWHG WRZDUG
8:%WHFKQRORJ\DQGQXPHURXVZHDUDEOHZLGHEDQGDQWHQQDV
KDYH EHHQ GHYHORSHG >@ %HVLGHV WKH ZLGHEDQG DQWHQQDV
PRVW SUHVHQWHGERG\ZRUQ DQWHQQDV DUH RPQLGLUHFWLRQDO >@
RU QDUURZEDQG >@ +RZHYHU WKH KXPDQ ERG\ WHQGV WR
VLJQLILFDQWO\DIIHFW WKHDQWHQQDV¶SHUIRUPDQFHVKHQFHDQWHQQD
GHVLJQVZLWK GLUHFWLRQDO UDGLDWLRQ EHDPV DQG OHVV VHQVLWLYH WR
WKH KXPDQ ERG\ DUH KLJKO\ GHVLUDEOH >@ %DVLFDOO\ XQL
GLUHFWLRQDO DQWHQQDVPLQLPL]H WKH HIIHFWV FDXVHG E\ WKH FORVH
SUR[LPLW\ RI WKH KXPDQ ERG\ DQG ERG\ H[SRVXUH WR (0
UDGLDWLRQ>@LQ:%$17RUHGXFHWKHLQWHUDFWLRQEHWZHHQWKH
DQWHQQDDQGKXPDQERG\XVXDOO\DPHWDOOLFUHIOHFWRULVQHHGHG
WR LVRODWH WKH UDGLDWRU DQG WKH KXPDQ ERG\ IURP HDFK RWKHU
7KXV SDWFK DQWHQQDV >@ WH[WLOH DQWHQQDV >@ RUPXOWLOD\HU
DQWHQQDV>@ZLWKDPHWDOOLFUHIOHFWRUDUHVXLWDEOHIRUZHDUDEOH
DSSOLFDWLRQV 'XH WR WKHLU LQKHUHQW VWUXFWXUHV PRVW RI WKHVH
ZHDUDEOH DQWHQQD¶V EDQGZLGWKV DUH XVXDOO\ QDUURZ DQG QRW
VXLWDEOHIRUKLJKGDWDUDWHDSSOLFDWLRQV$VDQDOWHUQDWLYHZD\
ZHDUDEOHDQWHQQDVSODFHGRQ$0&>@RU(%*VXUIDFHV>@
H[KLELW JRRG LPPXQLW\ WR WKH KXPDQ ERG\ +RZHYHU PHWD
VXUIDFH LV FRPSOH[ DQG H[SHQVLYH WKH FRVW RI WKH ZHDUDEOH
DQWHQQD ZRXOG EH VLJQLILFDQWO\ LQFUHDVHG EXW WKH RSHUDWLRQ
EDQGZLGWKPLJKW SRVVLEO\ EH GHFUHDVHG GXH WR WKH IUHTXHQF\
VHOHFWLYLW\ FKDUDFWHULVWLF RI PHWDVXUIDFHV 7KHUHIRUH LW LV
FKDOOHQJLQJ WR GHVLJQ D ZLGHEDQG ZHDUDEOH DQWHQQD ZLWK
KXPDQERG\LQGHSHQGHQF\VLPSOHVWUXFWXUHDQGORZFRVW














&RQFHSWXDO GHVLJQ RI WKH FRPSOHPHQWDU\ZHDUDEOH DQWHQQD
LQLWLDWHG IURP D V\PPHWULFDO FLUFXODU GLSROH LV VKRZQ )LJ
6LQFH WKH QHDU ILHOG DQG UHDFWDQFH FKDUDFWHULVWLFV RI WKH
FRPSOHPHQWDU\ DQWHQQD KDYH EHHQ LQWHQVLYHO\ GLVFXVVHG LQ
>@ VXFK DV WKH HTXLYDOHQW FLUFXLW PRGHO DQG WKH UHVRQDQW
FRQGLWLRQ RI WKH FRPSOHPHQWDU\ GLSROHV WKH IDU ILHOG
FKDUDFWHULVWLF LV DQDO\]HG LQ WKLVSDSHU$VVKRZQ LQ)LJ D
GLSROHFDQEHFRQVLGHUHGDVDYLUWXDOWLPHKDUPRQLFyRULHQWHG
HOHFWULF GLSROH J LQ IUHH VSDFH WKDW ORFDWHV DW WKH RULJLQ RI
FRRUGLQDWH V\VWHP 7KH DGGLWLRQDO ORRS LV HTXLYDOHQW WR D
ILFWLWLRXVxRULHQWHGPDJQHWLFGLSROHM:KHQWKHGLSROHDQG
WKH ORRSV DUH FRORFDWHG DQG H[FLWHG E\ VLJQDO ZLWK HTXDO






























































DLU VXEVWUDWH ZLWK WZR ORRSV LV VLPXODWHG E\ XVLQJ $QVRIW¶V
+)667KHLQLWLDODQWHQQDLVDV\PPHWULFDOFLUFXODUGLSROHZLWK
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PP  PP UHVSHFWLYHO\ 7KH WKHRUHWLFDO DQG WKH VLPXODWHG
UDGLDWLRQSDWWHUQVDUHSORWWHGDQGFRPSDUHGLQ)LJ,WFDQEH
REVHUYHG WKDW D ]RULHQWHG FDUGLDFVKDSHG EHDP FDQ EH
DFKLHYHG ,W LVQRWHG WKDW WKHPXWXDOFRXSOLQJHIIHFWVEHWZHHQ
WKH VRXUFHV DUH QRW FRQVLGHUHG LQ WKH LGHDO WKHRUHWLFDOPRGHO














5RJHU¶VVXEVWUDWHZLWKUHODWLYHSHUPLWWLYLW\İr   ORVV
WDQJHQW WDQ į    DQG WKLFNQHVV h    PP 7KH
DQWHQQDLVIHGE\DΩFRD[LDOFDEOHZLWKLWVLQQHUFRQGXFWRU
FRQQHFWHG WR WKH FLUFXODU SDWFK DQG ZLWK LWV RXWHU VKLHOG













6NLQ   
)DW   
0XVFOH   
7KH DQWHQQD LV VLPXODWHG E\ HPSOR\LQJ $QVRIW¶V +)66 WR
HYDOXDWH LWV SHUIRUPDQFH ZKHQ ORFDWHG RQ D KXPDQ DUP $
VLPSOLILHG WKUHHOD\HUHG SKDQWRPPRGHO DV VKRZQ LQ WKH )LJ
D LV XVHG 7KH RYHUDOO VL]H RI WKH SKDQWRP LV îî
PP7KHSKDQWRPLVFRPSRVHGRIVNLQIDWDQGPXVFOH>@







7KH _6_ RI WKH SURWRW\SH DQWHQQD LVPHDVXUHGE\XVLQJ DQ
$JLOHQW¶V(7YHFWRUQHWZRUNDQDO\]HU%RWKWKHIUHHVSDFH
DQGRQSKDQWRPFDVHVDUHVWXGLHG$VVKRZQLQ WKH)LJD
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PHDVXUHG E\ XVLQJ WKH 16,¶V 16,)[ DQWHQQD
PHDVXUHPHQW V\VWHP $V VKRZQ LQ )LJ E WKH SURWRW\SH







DQWHQQD H[KLELWV D ]RULHQWHG UDGLDWLRQ SDWWHUQ ZLWKLQ LWV
RSHUDWLQJ IUHTXHQF\ UDQJH 7KHPHDVXUHG SDWWHUQV DJUHHZHOO
ZLWK WKH VLPXODWHG RQHV HVSHFLDOO\ LQ WKH PDLQ OREH 7KH




7KH VLPXODWHG DQG PHDVXUHG SHDN JDLQV DQG VLPXODWHG
HIILFLHQF\RIWKHDQWHQQDRQWKHSKDQWRPDUHSORWWHGLQ)LJ
7KH LQEDQG DYHUDJHPHDVXUHGJDLQ LV G%ZKLFK DJUHHV
UHDVRQDEO\ZLWKWKHVLPXODWHGUHVXOWRIG%DQGWKHDYHUDJH




3DUDPHWHUV 9DOXH 3DUDPHWHUV 9DOXH
W  Lg 
R  L 
l  l1 
h  d 
w1  W1 
QRW FRQVLGHUHG 'XH WR WKH GLVFUHSDQFLHV RI WKH HOHFWULFDO
SDUDPHWHUVLHUHODWLYHSHUPLWWLYLW\DQGFRQGXFWLYLW\EHWZHHQ
WKH HPSLULFDO YDOXHV >@ DQG WKDW RI WKH SKDQWRP DQG WKH
HUURUVLQWKHPHDVXUHPHQWWKHPHDVXUHGJDLQIUHTXHQF\FXUYH




























Measured on phantom  co-pol  x-pol
Simulated on phantom  co-pol,   x-pol 
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$ZHDUDEOH FRPSOHPHQWDU\ ORRSGLSROH FRPELQHG DQWHQQD
LV SURSRVHG DQG VWXGLHG LQ WKLV ZRUN /RRS VWUXFWXUHV DUH
LQWURGXFHGWRPLQLPL]HWKHQHDUILHOGVWRUHGHQHUJ\JHQHUDWHD
XQLGLUHFWLRQDOFDUGLDFVKDSHGUDGLDWLRQSDWWHUQDQGWKHQOHDGWR
D QHZ ZHDUDEOH FRPSOHPHQWDU\ DQWHQQD ZLWK ORZHU KXPDQ
ERG\ GHSHQGHQF\ ,Q DGGLWLRQ WKH ORRSV DFW DV ZHDUDEOH
VWUXFWXUHV DV ZHOO 7KH RSHUDWLRQ SULQFLSOH RI WKH DQWHQQD LV
ILUVW H[SODLQHG 7KHQ SURWRW\SHV DUH GHVLJQHG IDEULFDWHG DQG
PHDVXUHG WR YHULI\ WKH RSHUDWLRQ SULQFLSOHV GHVLJQ DSSURDFK
DQG QXPHULFDO UHVXOWV 7KH SURSRVHG ZHDUDEOH DQWHQQD KDV
JRRG LPSHGDQFH PDWFKLQJ DQG VWDEOH XQLGLUHFWLRQDO UDGLDWLRQ
FKDUDFWHULVWLFVIURPWR*+],WKDVDVLPSOHVWUXFWXUHDQGLV
HDV\ WR IDEULFDWH 7KHUHIRUH LW LV VXLWDEOH IRU SRWHQWLDO
ZLGHEDQG ZHDUDEOH DSSOLFDWLRQV IRU WKH QH[W JHQHUDWLRQ
ZLUHOHVVFRPPXQLFDWLRQV
$&.12:/('*(0(17
7KLV ZRUN ZDV VXSSRUWHG LQ SDUW E\ WKH 1DWLRQDO 1DWXUDO
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